I
ntracerebral hemorrhage (ICH) is the main complication of treatment with intravenous recombinant tissue-type plasminogen activator (IV-tPA) in acute ischemic stroke. The majority of ICH associated with IV-tPA occurs within or at the margin of ischemic or manifestly infarcted brain tissue.
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June 2014 many patients develop PHr with or without a concomitant infarct-related PH. Mortality rates and functional outcomes for patients with PHr have only been described in a single-center series comprising 7 patients. 6 Available stroke thrombolysis literature has extensively covered risk factors for symptomatic ICH; however, this term does not specify the radiological properties of the hematomas. 7, 8 Symptomatic or not, intra-and extraischemic hemorrhage may be assumed to have at least partially different underlying pathophysiological mechanisms. Despite this, any differences in risk factors for these 2 types of complication in stroke thrombolysis are unknown. It is also not known whether they carry different risk levels of clinical deterioration, death, and poor functional outcome.
The present work aims to report, for the first time to our knowledge, risk factors for PHr and compare them with risk factors for local hemorrhage, secondary to stroke thrombolysis. We also aim to examine early neurological and long-term functional outcome in patients with PHr and PH.
Methods

Subjects
All patients recorded in the Safe Implementation of Treatments in Stroke-International Stroke Thrombolysis Register (SITS-ISTR) between December 2002 and December 2011 treated with intravenous alteplase (Actilyse; Boehringer-Ingelheim, Germany) were included in this study (n=45 074). The SITS-ISTR is an ongoing, prospective, Internet-based, academic-driven, multinational, observational monitoring register for clinical centers using thrombolysis for the treatment of acute ischemic stroke. The methodology of SITS-ISTR, including procedures for data collection and management, patient identification, and verification of source data, has been described previously. 1, 9 Patients with PHr (unrelated to current ischemic lesion) or PH (related to current ischemic lesion) were identified on imaging 22 to 36 hours after IV-tPA treatment or earlier if the scan was performed because of clinical deterioration ( Figure 1A and 1B). Patients with purely petechial hemorrhagic infarct transformation per the ECASS classification were pooled with patients without any blood on follow-up imaging to form the non-ICH group. 4 We collected baseline and demographic characteristics, stroke severity per the National Institutes of Health Stroke Scale (NIHSS), time logistics, medication history, and imaging data on admission and follow-up.
Ethical Approval and Data Monitoring
Need for ethical approval or patient consent for participation in the SITS-ISTR varied among participating countries. Ethical approval and patient consent were obtained in countries that required this; other countries approved the register for conduct as an anonymized audit. The SITS-Monitoring Study (SITS-MOST) data (n=6483) 1 are embedded within the SITS-ISTR. The SITS-MOST was approved by the Ethics Committee of the Karolinska Institutet, Stockholm, Sweden, and by the Swedish Medical Products Agency. The SITS International Coordination Office monitored the SITS-ISTR data online and checked individual patient data monthly to identify errors or inconsistencies. For a sample of patients included in SITS-MOST, source data were verified onsite by monitors under the supervision of the national coordinator.
Outcomes
Independent risk factors were identified for PHr and PH. Early neurological deterioration was defined as an increase of ≥4 points in the total NIHSS score at 24 hours from treatment. This level was chosen because it denotes early clinical worsening in the ECASS II and the SITS-MOST definitions of symptomatic ICH in stroke thrombolysis. Rates of mortality were assessed at day 7 and 3-month follow-up for all groups, whereas functional independence (modified Rankin Scale score 0-2) was assessed at 3 months. All assessments of imaging studies and neurological status were performed according to clinical routine at centers participating in SITS-ISTR.
Statistical Analysis
We performed descriptive statistics for baseline clinical, demographic, and imaging data, as well as outcomes, comparing patients with and without pure PHr, pure PH, and concomitant PH and PHr. All baseline variables available in SITS-ISTR were analyzed. For continuous variables, median and interquartile range values were calculated. For categorical variables, we calculated percentage proportions by dividing the number of events by the total number of patients, excluding missing or unknown cases, as done in previous SITS publications. 1, 9 For the calculation of significance of difference between medians and proportions, we used the Mann-Whitney U test and the Pearson χ 2 method, respectively. To avoid variable selection caused by spurious correlations, only variables showing an association with PH or PHr at P≤0.10 level in the univariate analysis were included as potential predictors into the multivariate logistic regression model. In this analysis, variables significant at P<0.05 were regarded as independent risk factors for the respective type of hemorrhage. All analyses were performed using STATISTICA 11 (StatSoft Inc).
Results
A total of 45 079 patients treated with intravenous thrombolysis were recorded in the SITS-ISTR between December 25, 2002, and December 12, 2011, with 95% of the patients enrolled in European centers. Baseline and follow-up radiological data at 22 to 36 hours from the start of IV-tPA were available in 43 494 (96.5%) patients, who were therefore eligible for this study. Among these, 2471 patients (5.7%) were examined by MRI at baseline. Table 1 shows the subtype distribution of all hemorrhage types and combinations in our material. Pure PHr was recorded in 970 patients (2.2%), whereas pure PH occurred in 2325 patients (5.3%). In addition, 438 patients (1.0%) developed concomitant local and remote PH. Table 2 presents baseline demographic, clinical, laboratory, and radiological characteristics of pure PH and PHr, compared with patients free from any PH. The univariate and multivariate comparisons of patients with concomitant PH and PHr versus the non-ICH group are shown in Tables I and II Patients with pure PHr were more frequently women (46% versus 41% for pure PH; P=0.01, and 43% for the non-ICH group; P=0.028). Stroke severity in patients with pure PHr was between the levels seen in pure PH and the non-ICH group (median NIHSS score, 13 versus 16 versus 11; both P<0.001). Pre-tPA systolic blood pressure was higher among patients with PHr compared with PH and the non-ICH group (median, 158 versus 153 versus 150 mm Hg; both P<0.001). Despite having the highest median age, patients with PHr had a lower prevalence of atrial fibrillation (AF; 28.5%) and diabetes mellitus (DM; 16.2%) compared with patients with PH (AF, 34.6%; DM, 23.4%; both P<0.001). The prevalence of any previous stroke was higher in the pure PHr group (16.3%) than in both PH (12.7%; P=0.003) and non-ICH groups (13.0%; P=0.007). Among radiological findings, the hyperdense cerebral artery sign (HCAS) on baseline computed tomography was less common in patients with pure PHr than in those with pure PH (18.2% versus 30.3%; P<0.001). Early infarct signs on baseline computed tomography were also less common in patients with PHr (22.9%) compared with those with PH (28.6%; P<0.001). .001 compared with all other groups). For comparison, patients without any PH had mortality rates of 4.9% at 7 days and 12.1% at 3 months (P<0.001 compared with all other groups). The frequency of functional independence (modified Rankin Scale score 0-2) at 3 months was 33.6% in patients with PHr, 24.0% in patients with PH, and 57.9% in the non-ICH group (both P<0.001).
After adjustment for covariance using multivariate logistic regression analysis, baseline NIHSS score, systolic blood pressure, and current aspirin treatment were independently associated with both PHr and PH. In addition to these, higher age and history of nonrecent previous stroke (>3 months before) were associated with pure PHr, whereas AF, HCAS, and blood glucose levels were associated with pure PH (Table 4) .
A direct adjusted comparison of independent risk factors for pure PHr and pure PH showed that higher age, female sex, and nonrecent previous stroke shifted the odds toward PHr, whereas higher baseline NIHSS score, higher blood glucose, DM, AF, and HCAS had a stronger association with pure PH (Figure 2 ).
Discussion
In this large-scale analysis, we found that PHr makes up for one third of all parenchymal hematomas after intravenous stroke thrombolysis, a fact that is generally not well appreciated (Table 1) . This is comparable with a proportion of 27% and 28% in the ECASS I and ECASS II trials, respectively, where placebo patients were included in the calculation, likely leading to a slight underestimation of the percentage in IV-tPA-treated patients. 3, 4, 10 Patients with PHr had the highest median age and highest proportion of female sex of all compared groups. They also had a history of nonrecent previous stroke (>3 months before) more often than patients with local, intraischemic hemorrhage (PH) or those with no hemorrhage. The PHr group had a lower frequency of AF and DM compared with patients with PH and similar rates of other cerebrovascular risk factors, despite being older and having had previous strokes. Stroke severity, frequency of early infarct signs, and HCAS on baseline computed tomography were much lower in the PHr group compared with the PH group.
Consistent with findings from the univariate comparison, the multivariate analysis paints a picture of PH being related to factors associated with large-vessel occlusion, such as higher NIHSS scores, HCAS, and AF. This contrasts with the risk factor profile for PHr, which is associated with previous stroke and higher age, that is, markers of previous cerebrovascular pathology. Despite higher age and more previous strokes in the PHr group, they had no increase in risk factors for cerebral small-vessel disease (hypertension, DM, and smoking) compared with cases with PH. This is in line with the finding that small-vessel disease was diagnosed only rarely in patients with both hemorrhage types. 
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The weak association of PHr with its 5 independent risk factors, reflected by low adjusted odds ratios (Table 4) , raises the suspicion that a mechanism is at play that is not available in our current database. One such mechanism could be cerebral amyloid angiopathy (CAA). This hypothesis gains indirect support from surgical and postmortem studies of spontaneous CAA-related ICH. Here, patients with CAA tend to be older and more often women compared with patients with ICH unrelated to CAA. [11] [12] [13] [14] The increased prevalence of CAA-related ICH in women corresponds to our finding that female sex has a stronger independent association with PHr than with PH. The cause behind PHr is unlikely to be Continuous variables are presented as median with interquartile range (IQR) and P values per the Mann-Whitney U test. Categorical variables are presented as proportions (%) and P values per the Pearson χ 2 test. BPdia indicates diastolic blood pressure; BPsys, systolic blood pressure; CHF, congestive heart failure; CT, computed tomography; DNT, door-to-needle time; Dx, diagnosis; HCAS, hyperdense cerebral artery sign; HTN, hypertension; NIHSS, National Institutes of Health Stroke Scale; OTT, onset-to-treatment time; and PHr, remote parenchymal hemorrhage (PH).
by guest on May 21, 2017 http://stroke.ahajournals.org/ Downloaded from a common cause of ischemic stroke itself-such underlying pathology is well reflected in the variables recorded in the SITS database. CAA is mainly known for its association with spontaneous lobar ICH and is not known to cause ischemic stroke. 15 Therefore, coexisting CAA in patients with ischemic stroke because of other causes would be a contributing mechanism for PHr after intravenous thrombolysis.
An important question can be raised on the possibility of PHr occurring in areas of recent infarction. In our analysis, recent previous stroke (<3 months) was not found to be a risk factor for PHr or PH. Newly published results on recent silent cerebral infarcts on pre-tPA MRI did not show any association with post-tPA hemorrhage. 16 Patients with PHr had a worse functional outcome and higher mortality compared with patients free from any PH (Table 3) . However, they fared better than those with PH, because 34% of patients with PHr were functionally independent at 3 months, compared with 24% with pure PH. Half (48%) of all local PH were type 2, that is, large with substantial mass effect, compared with PHr, where 67% were type 1, that is, smaller bleeds with mild, local, space-occupying effect (Table 1) . Nevertheless, clinical deterioration was equally common with both hemorrhage types. In both PHr and PH groups, 25% of patients had an increase of ≥4 points on the NIHSS scale at 24 hours compared with baseline (Table 3) . Thus, despite often being smaller in size, remote hematomas are just as likely as the larger local PH to cause significant neurological deterioration. This is likely because of the fact that the former occurs in functioning, nonischemic brain tissues. Our main explanation for the lower mortality and better functional outcome in patients with PHr compared with those with PH is that the former had a lower baseline stroke severity. Patients with concomitant PH and PHr had the worst clinical outcomes: 3-month mortality at 62% and only 12% remaining functionally independent (modified Rankin Scale score 0-2) at 3 months.
Our study has several limitations. Data were collected via a prospective clinical register; hence, the study has the drawbacks of observational design. Imaging data were read by radiologists at the treating centers, with no independent verification. Nevertheless, the total frequency of PHr in our material (3.2%) is of similar magnitude compared with the National Institute of Neurological Disorders and Stroke (1.3%), ECASS (3.7%), and ECASS II (2.0%), which all had independent, centralized radiological assessment. The SITS-ISTR lacks the option for registering numerous details of radiological investigations, which could be pertinent to the present study, such as previous lesions, white matter disease, and current multifocality of MR diffusion-weighted imaging lesions. As evident from Tables 2  and 3 , certain baseline variables in our material have missing 
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June 2014 data in 5% to 10% of cases. This seems to be a limitation shared by other large observational multicenter stroke databases, because the Get With The Guidelines-Stroke registry also reports proportions of missing baseline data at ≈10%.
17,18
Importantly, the SITS-ISTR lacks 3-month follow-up data for mortality in 17% of cases, whereas 3-month functional outcome is missing in 20%. We attempted to mitigate the missing data for 3-month mortality by including 7-day mortality rates, where records are 98% complete. This is justified by the fact that nearly all thrombolysis-related ICH causing clinical deterioration are known to occur <36 hours from treatment.
2,19
The SITS-ISTR lacks the option to register the exact number and location of remote hematomas in each patient. Such data would be valuable for our hypothesis on the possible influence of CAA, because, particularly, multifocal remote hematomas in stroke and myocardial infarction thrombolysis have been linked to CAA diagnosed by pathological investigation. 20 Information on anatomic location of microbleeds, together with data on the location of subsequent PHr, could aid us in understanding the mechanisms behind the development of this hitherto-unexplained complication of stroke thrombolysis. 21 We hope to be able to address this issue in upcoming studies.
Conclusions
The demonstrated differences in risk factor profiles between PHr and PH after stroke thrombolysis suggest that PHr has a stronger association with previous vascular pathology such as previous stroke and possible CAA, compared with local PH, which is more associated with large-vessel occlusion. Patients with PHr have lower mortality and better functional outcome compared with those with PH, largely explained by less severe stroke at baseline in PHr. Local and remote hematomas are equally likely to cause significant early clinical deterioration. Additional studies are needed to elucidate the influence of underlying cerebrovascular disease and its radiological markers on the risk of ICH after stroke thrombolysis.
